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Abstract 



It is shown that in a supercritical pomeron model the contribution of the tirple-pomeron dia- 
grams violates the unitarity bound for cross-section even with account of the multiple pomeron 
exchanges between the initial hadrons. Asymptotic behaviour of the single diffractive dissoci- 
ation cross-section is calculated in the approximation where every pomeron in the 3P-diagram 
is eikonalized as well as an elastic interaction of initial hadrons is taken into account. In this 
approximation a^^ jotot — >■ at s — oo. 



The interest in diffractive dissociation is caused by both comparatively new experimental 
data obtained at the Tevatron [1] and by observation at HERA of deep inelastic processes 
with the typical rapidity gaps [2]. Generally adopted interpretation of these similar enough 
phenomena is based on the following interaction mechanism. The incoming fast proton (or 
virtual photon in deep inelastic scattering) "emits" a pomeron which interacts with the proton- 
target producing a shower of hadrons. These hadrons are distributed in the rapidity scale at 
a large distance (rapidity gap) from the initial proton. The central point of the model, the 
interaction of pomeron with proton-target, is universal. It means that this subprocess does not 
depend on where a dissociation is considered: in a pure hadronic process or in a deep inelastic 
scattering. 

In what follows we consider diffractive dissociation in a pure hadronic process hh hX. If 
the effective mass of produced shower is large enough then with certain simplifying assumptions 
the cross-section of the process may be presented (due to the generalized optical theorem) by 
the diagram with a triple-pomeron vertex (Fig.l) 




Fig.l Process of difractive dissociation and 3P-diagramm 

The properties of the cross-section of course depend on specific model of pomeron. The most 
known one at present, the so-called supercritical pomeron has a trajectory with the intercept 
a;p(0) = 1 + A with A > 0. In particular the model of A.Donnachie and P.Landshoff with 
A = 0.08 based on a pomeron-photon analogy describes quite well the hadronic data [3]. 
However the contribution of supercritical pomeron to the total cross-section rises with energy 
as a power cr oc s^, violating the Proissart-Martin bound atot < const ln^{s/so). The strict 
consistent procedure of unitarization is absent now, but there are some simple phenomenological 
ways to eliminate the rough contradictions with the unitarity. For example, the eikonal [4], U- 
matrix [5] methods and their generalizations are often used for unitarization of the amplitude. 
Another approach to the problem was suggested in [6]. 

It is quite obvious that the three-pomeron diagram needs also for unitarity corrections, 
which should remove a too fast growing contribution of supercritical pomeron to the diffractive 
dissociation cross-section (up to the Ins-factors it is proportional to s^^). The 3P-diagram 
seemed to be unitarized by the most simple way, taking into account multiple pomeron ex- 
changes between the incoming hadrons (initial state interaction). This approach was suggested 
in the Ref . [7] . In a more general content a problem of unitarization in diffractive dissociation 
was discussed a long time ago (see for example [8]). It was claimed in [7] that with the ac- 
count of the initial state interaction, the integrated cross-section of diffractive dissociation rises 
logarithmicaly with energy, a^^ oc In s, in accordance with the experimental data. 

We will show that this conclusion of [7] is wrong, and the account of initial state interaction 
by the eikonal (or by another) way does not allow to ehminate too fast growth of cross-section. 
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We have performed the asymptotic evaluations of more wide class of corrections, which indeed 
allow to eliminate the explicit contradiction with unitarity bounds. 

To make our arguments more clear we list a few well known general statements and formulae. 
Because we are interested only in an asymptotic cross-section behaviour, a contribution of /- 
reggeon is omitted in all expressions. 

As in [7] we will work in the impact parameter representation. The normalization of ampli- 
tude is 

^ = 7^|/(s,^)|^ atot^^7rlmf(s,0). (1) 
An amplitude in 6-representation is defined by the following transformation 

a{s,b) = ^/ dqe-^^^'f{s,t), t = -q'. (2) 

Eikonal summation of the high energy elastic pomeron rescatterings can be realized with 
the amplitude a{s, b) in the form 

a{s,b) = t{l - e-^(^'^)), Q{s,b) = / dqe-'^^'fo{s,t), 

where /o(s, t) is an input elastic amplitude. Starting from a simplified model of supercritical 
pomeron with the trajectory ap{t) — 1 -|- A -|- a'pt 

/ s \ ap(t) — 1 

f,{s,t)=tg{t)(-) , g{t) = ge-^°'/\ 

one can obtain 

n{s,b)=u{s/so)e-'''^'^"^'/'°\ (3) 

where 

- 2^R\s/so) \Vo) -^W^)\JJ ' 

R\s/sq) = 2So + 4q;' ln(s/so), (Jo = Stt^I (5) 

In this model i/o(s, t) and b) are the real functions, but analiticity and crossing-symmetry 
are restored by the substitution s s cxp(— i7r/2). It is easy to obtain from the above expres- 
sions that atot — 27rAi?2 (s/sq) ln(s/so) s/sq oo Thus, in a supercritical pomeron model 
the eikonal corrections to one-pomeron exchange remove the explicit violation of unitarity con- 
dition. The resulting cross-sections satisfies the Proissart- Martin bound. 

The expression for an integrated over t cross-section of diffractive dissociation was written 
in [7] in the form 



{b-b'f 



X / dbdb' exJ-2i.{s/so)e-''/'''^'/'A expf-2 ^ ^' - ), (6) 

where v, R'^ are defined by exps.(4),(5), 

R^{z) = Bo + r^ + Aa'\n{z) (7) 



and r is radius of the triple-pomcron vertex. The eikonal corrections due to pomeron rescat- 
terings in initial state (Fig. 2) were accounted by the insertion of factor exp(— 2r2(s, 6)) = 

exp[ — 2i/(s/so)e"''^/''^^^*/*°-' ) in the integrand of the exp.(6) 
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Fig. 2. 3P-diagram with the interaction of hadrons in the initial state 



Unfortunately a mistake was appeared in [7] when asymptotic evaluation of the integral was 
made. After integration over b and b' the differential cross-section of diffractive dissociation 
becomes as following 

MV^ _ al a7[a,2z/(g)] / s y^fM'\^ 

where 

^^'(^/^o) (9) 

and 7 [a, 2z/] is the incomplete Euler gamma function. 

In the limit under consideration, s ^ Sq, M'^ / sq, s/M'^ ^ 1, the ratio a tends to 2 and 
7[a,2i/] tends to r(2). Substituting these limits to the expression (8) authors of [7] have 
obtained 

71 R [s/sojGppp 



However, this result is wrong. Indeed, one can see using the definitions (4), (5), (7) and (9) 
that at s, M^, s/M^ oo 

a = 2it:^(5/5o) ^ /i _ HMVso) 



Rl{s/M'') + 2Rl{Myso) V ln(s/so) ln(s/so)' 
Therefore the factor of expression (9) which violates the unitarity is transformed as follows 

iw) U l''Wr"-xp{2Aln(^)+Al„(-)-2Aln(V.«)]}~(-) , 

conserving too fast growth of cross-section at large M^. 

In what follows we investigate the diagrams which are important to restore the unitarity. 
In our opinion it is necessary not only to take into account an interaction of hadrons in the 
initial state but also to "eikonalize" each pomeron in the diagram of Fig.2. In another words 
we estimate an asymptotical contribution to a^^ of diagrams of Fig. 3. 
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Fig.3. Diagram with the eikonahzed pomeron exchanged 



Evidently it is impossible to calculate such diagrams in a general form without any simplified 
assumptions. At the same time there are two important and interesting points. Firstly, does 
the violation of unitarity bound indeed removed after an eikonalization? Secondly, how fast 
the eikonahzed diffractive cross-section rises at s ^ oo? 
Our model we define in the form, which corresponds to Fig.3. 

^ 



dM2 



where 
I 



= j dM6'exp(-2Q(s,6))|l-exp[-^^(so-^,&0]}^{l-exp[-Q(M^|6-6^ 



(10) 



and G includes all of the relevant couplings and constants. The value Ct{z^ h) differs of the input 
one-pomeron Vl[z,h), (exp. (4)). The difference is that one of vertices g (in s, t-representation) 
is changed for the part of triple-pomeron vertex. 



specifically 



Vppp{tQ-,ti,t2) = vexp(roto + ^^i,2(^i + ^2)), 
(^(t.) ^^;i/3exp(r2t,). 



We note that it is not enough to eikonalize only pomerons in 3P-vertex in order to restore 
unitarity. If we do that, the factor exp(— 2r2(s, 6)) is absent in the integrand of (10). Integral 
is calculated easily 

M'-^ « RlRlHs/M')\n{Myso), 

(7^-° oc ln^(s/so). 

The result evidently contradicts to the Froissart- Martin bound. 

Let's now calculate the asymptotic behaviour of integral I at the limit s — > 00. To do that 
let's rewrite it in the following form 



00 00 n 

I = 4n J dbj db' J d(j)bb' 
000 



1 -e" 



1-e 



X 



exp|-2i/oexp[-(62 + b'^ + 266'cos0)/i?^]|. 
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To avoid the extra cumbersations in the following formulae we use the notations: 

Agv(M^\^ Agv( s \^ 

Rl = B?{s/so), Rl = Rl{Myso), RI = RI{s/M^), 
where i?^(s/so) is defined by exp.(5), and 

Rl{M^/so) =Bo + rl + 4a'ln(MVso), Rl{s/M^) = Bo + + 4a'ln(s/M2). 

Making the substitution of the integration variables 

i/iexp(-&^/i?^) = zx, i/2exp(-6^/i?2) = 

we get 



J Z\ J Z2 







X / rf0 exp|-2i/oexp[-(piln(— ) + 2Jpiln(— )p2ln(— )cos0 + p2ln(— ))][, 

where 

Pi=Ri/RI, P2=R2/RI- 

It is convenient to divide both integrals over Zi and Z2 into two parts: one is from up to 
1 and second is from 1 up to z/j. 

— -'0,0 "T -'1,0 "T -'0,1 "T-'l,! ■ 

Consider for example first of them where the integrations over z's go from up to 1 (remaining 
ones are similarly estimated). The small Zi and Z2 contribute to it. Therefore replacing 1 — 
exp(— 2^1) by Zi and using the new variables 

Xi = — :j , t = i., 

we write Iqq in the form 



7r 00 

1,1 



-^0,0 



27rRlRl\nui\iii/2 j d(j) j dxiexp{—2xiln.iyi) j dx2exp{—X2ln.U2) 
00 

X exp I -2i/o exp [- Vl + xi + l32 Vl + X2) ^ + 4/3i/32 ^{1 + xi){l + X2) sin^ ^] | , 



where 



Pi = \Jpi Inz/i, /32 = \Jp2 lni/2- (11) 

Before the further calculations let's pay attention to the behaviour of the p, P, u at s ^ 00. 
It is easy to see that for an arbitrary but fixed pi 

In^. = p^uo ■ {1 - ^^i^MfA + o(— i^)}, (12a) 

Ini/Q ln(s/so) 
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Pi+P2 = l + ^^^i^i^, ((3,+&f = lni'„-ln(^)+o(l). (12c) 

Making use of above properties of p, /3, one can argue that the main contribution in the 
integrals over Xi,(f) is determined by small xi,X2,(f)- Keeping the linear in xi,X2,(f)'^ terms in 
the internal exponential and substituting 



ui = exp(-/3i(/3i + (32)xi), U2 = exp(-/32(/3i + P2)x2), 

we obtain 

ri,i ^_i??i?pnz/ilnz/2 f f dui 1 du2 f ^i??i?2 





-'0,0 



7r 1 1 

^ i??_R2 In z/i In z/2 / f dui f du2 „, f ^R^Ro ^ ,9v 1 

— ^li^exp -2^cxp /3i/320'>iiti2 U:; 



2^2 v/^lnz/ilnz/2 r r(a2) / i^fi^iV"^ r(ai) / i^fi^jx-"^] 

' '(/?i/?2)3/2(A + /32)2(ai-a2)l I aoi?^; I aoi?^ 7 J' 

where 

Since ai = 1 + o(l/ ln(s/so)) and 02 = 2 + o(l/ln(s/so)), as it follows from (12), (13), we finally 
obtain for integral /q.o 

.1,1 r d2 lni/ilni/2 A , / 1 N 



The similar calculations for another terms of integral / give rise to the following results 

1 (JpRl 
2-\/2 R1R2 



/■l.^'z ^ 7-1,1 Tui,l ^ ^ crpRp t1,1 Tui,u2 rrtr7s/pxr>f-R2/^„^ 
-'o,: —-'0,0) -'1,0 — o Ai p2p2-'o,0) -'1,1 <~consiexp{ UQ/ao). 



Thus at s — > 00 



^'"''/'°) ' , l'"<-/'°"'^' (14) 



\ R1R2 ^ln(s/M2)ln(MVso)' 
Integration of the exp.(14) over in the domain where pi,2 7^ 0, gives 

(T^-^ oc ln^/^(s/so), (y^^ jcTtot ^0 at s ^ 00. 

Thus we have proposed and investigated the simplified eikonal model for a process of 
hadronic single diffractive dissociation. We have shown that eikonalization of each pomeron in 
the 3P-diagram and account of the elastic interaction of hadrons in the initial state allow to 
restore the unitarity which is violated by an input supercritical pomeron. Our result is only 
asymptotical one. The numerical calculations and account of the nonasymptotical contributions 
are needed to compare the considered model with experiment. 

We thank very much A.I.Bugrij and L.L.Jenkovszky for the useful discussions on the con- 
sidered problem. 
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